This article aims to establish an experimental procedure to measure heat transmission coefficients in low heat conductive materials. The newly developed model takes as starting point the application of Fourier's law to a disk sample when a temperature gradient is established between its faces. The power of a heating element is determined as the heat transfer coefficient of the problem disk. Init ially, a glass vessel containing water is placed in direct contact with the heating element; then, a problem plastic disk is placed between this element and the glass vessel, treating the set as a composite wall. Prior to the above the water equivalent of a calorimetric set (vessel + water + accessories) and the thermal conductivity of the vessel must be determined. The thermal conductivity of the problem plastic disk sample is obtained for temperatures ranging fro m 30 to 70° C. The results reveal the existence of some type of structural transition for the problem material.
INTRODUCTION
The problem of heat conduction in solids has been widely studied, and many solutions are available for various boundary conditions, forms and dimensions. Measurement of the thermal p roperties of a material is an impo rtant issue since the parameters associated with it are extremely relevant both in the laboratory and in industrial design [1] [2].
The direct measurement of heat transfer has been studied using several techniques, including the use of circular heat flow discs, thermistors, as well as comparisons and calibrations of heat flu x sensors [3] [4]. The devices and techniques studied include differential scanning calorimeters, improved thin film heat transfer gauges, infrared thermography [5] and liquid crystals [6] and several other visualization techniques [7] . The techniques involved are used for direct measurement of the temperature with thin film thermocouples [8] , sputtered micro thermocouples, thermo fluorescence [9] , thin-foil thermography [10] and fine wire thermocouples for transient me asurement.
Thermal conductivity [11] [12] has been studied for a wide variety of materials [13] [14] [15] [16] using various experimental techniques , such as transient plane source, pulsed and thermal quadruples, electrical resistance thermo metry [17] , t ransient and parallel hot wire techniques, infrared thermography, laser flash, photoacoustics, etc.
The study in this case is directed towards plastic materials. Due to the great variety of new products intended for recycling, the rapid and accurate determination of their thermal properties is of great importance [18] 
II. THEORY
In the case of water (mass m) in a glass vessel placed on a heating element at temperature  c >  a (roo m temperature), as in Figure 1 , the power transferred corresponds to the heat gained due to losses from the system, characterized by  1 and  2 coefficients respectively, resulting in the fo llo wing equation,
(1) where (Q/dt) 1 and (Q/dt) 2 are the net power entering the system fro m the heating element and the losses respectively, θ is its temperature, a C mc k  is the heat capacity of the system (c a the specific heat of water) and k the water equivalent of the same, wh ich corresponds to the heat capacity of the surrounding vessel, as well as of the me asuring probe (accessories 
with β = C -1 . Integrating the above equation between the initial temperature (θ a ) and the temperature (θ) reached at the end of a given time t, yields RESEARCH ARTICLE OPEN ACCESS 
The final reduced temperature Equations (7) correspond to the gain and loss coefficients of the system, whose values give the power supplied by the heating element, in accordance with eq. (1). In part icular, if we consider that a sufficient time interval has passed to reach the steady state ( 
Determinati on of water equi valent by the mixtures method.
To calculate the power supplied by the heating element, it is necessary to know the water equivalent value of the system k. For this, it is possible to use the mixtu res method; witch consists of introducing a known metal body (copper disk) in the glass vessel containing water at roo m temperature [27] . The body is previously heated to reach the boiling point of water (100ºC at normal at mospheric pressure). In this way it is possible to know the temperature of the material in the water, whose temperature increases. The metal is removed fro m the water at the end of time interval t and consequently the water temperature decreases due to the cooling effect of its surroundings. The heat balance equation corresponding to the heating stage can be written as
where M is the body mass, c M its specific heats, m a is the water mass, c a the water specific heat capacity,  i and  f are the init ial and final temperature corresponding to the heating time interval t, and Thus, the energy balance given by equation (9) can be rewritten as
(10) Equation (10) enables us to determine the water equivalent k value, since we know mass and specific heat capacity of the metal body employed.
Thickness and thermal conducti vity calculati on for problem materials. Composed wall method.
When a problem material disk samp le, whose heat transmission coefficient we wish to know, is placed between a heating source and a glass vessel with water, the system corresponds to a composed wall arranged as shown in Figure 4 where k 1 and k 2 are thermal conductivities and δ 1 and δ 2 thicknesses , respectively, θ i * (i=1,2,3) represents temperatures at the three interfaces: 1) heating source/sample material; 2) sample material/glass layer; 3) g lass layer/water (see Figure 5 ). The superscript * will be used to indicate that the affected quantities refer to the problem material disk. Given that in the steady state the heat flo w is the same through every element of the composed wall, we can write 
III. EXPERIMENTAL DEVICE
An experimental device was designed, which enables a problem disk of suitable d imension ( 3 cm, th ickness 2 mm) to be manipulated (see Figure 6 ). The d isk was placed on top of an alu minu m cylinder of 2 cm th ickness. The cylinder is insulated with armaflex, and an electrical resistance placed within is used as heating element. The heating source temperature  c is determined by a type J thermocouple (iron-constantan, range -210 to 1200 ºC) lodged in the alu minu m cylinder. The resistance and thermocouple are connected to a control device, provided with a screen that shows instantaneous values of the heating cylinder temperature,  c , which is the parameter that governs and regulates the heating of the system. Another J thermocouple continuously measures the temperature of the deionized water (40 cm 3 ), contained in a g lass vessel (wall thickness 2 mm) placed on of the heating cylinder. This temperature reaches a final value  f for every  c considered. The surface temperature values of the heating cylinder ( r ), for every  c value selected, was determined by means of an infrared thermo meter with configured emissivity (in our case, an Optris ® LS thermo meter with infrared dual focus), provided with a laser indicat ion device that directs a beam at the top of the problem body (shaping a cross oriented to the center of the disk)). This provided a guide for the optimal measuring distance (object distance (D) and focal measurement area (S), whose D:S ratio in our case is 75:1 for the disk used). 
IV. RESULTS AND DISCUSSION
Equation (10) enables the determination of the water equivalent of our calorimetric set k (14,623 g) and consequently the heat capacity, C, whose value (64,623 cal g -1 ºC -1 ), together with b in the exponential fitting (see eq. (4)) for the co rresponding water thermogram (g lass vessel + water). Fro m the thermograms for the system incorporating the problem material disk (PMD) between the heating element and the glass vessel containing water ( Figure 5) . The values of  1 * and  2 * were obtained for every temperature  c between 30 and 70ºC (5ºC steps), as well as the heating power (Q/dt)*, whose values permit the determination of the disk thermal conductivity in accordance with (13) . for the system disk +vessel+water+accesories. 
